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INTRODUCTION
Danio rerio (zebrafish) is a popular tropical freshwater fish, member of the family Cyprinidae. The species shows many advantages in behavioral research and is an important and widely-used vertebrate model organism in molecular biology, developmental biology, genetics, toxicology, oncology and neuroscience research. Zebrafish are native to the Himalayan region and their range includes much of northern India, Bangladesh and parts of southern Nepal. In the wild, zebrafish is found mostly in still and stagnant waters, such as lakes, puddles, ponds, rice fields, ditches and small watercourses; in areas where it is present, it tends to be very abundant. The high concentration of fertilizers in rice crops promotes the growth of zooplankton, one of the main components of zebrafish diet, favoring the presence of the species at such sites. Zebrafish is a very social species and researchers worldwide are increasingly studying a huge range of behaviors exhibited by zebrafish. Most of the studies on its sociality examined its shoaling behavior, i.e. aggregation in groups. Shoaling plays a key role in foraging, predator avoidance and reproductive success. Previous studies showed that the early social environment in which individuals developed can influence shoaling phenotype preference. Generally, at high temperature fish are more active, and zebrafish prefer to shoal with a bigger group of individuals. Experiments on shoaling preference have demonstrated that both male and female zebrafish prefer to spend more time in a social compartment as compared to an empty one. Sex-related differences in shoaling preference are documented in the literature, but with conflicting results. According to Ruhl and McRobert, zebrafish females prefer larger groups (of 6, 9 or 12 individuals) compared to those of 3, while the males showed no preference; males preferred groups formed by females, while for females there were no significant differences in the choice between groups of males or females. In contrast, in the study conducted by Etinger et al. it was observed that both males and females preferred to approach an individual of the same sex, rather than one of the opposite sex. The same preference also manifested itself in the choice between groups of 3 individuals, but only for females. The reasons hypothesized by the researchers are related to the fact that female zebrafish within a group of only females can decrease the risk of predation and avoid unwanted approaches by males.
In zebrafish, the existence of visual discrimination learning of environmental coloring and prey capture based on early visual system development was demonstrated. Despite the existence of preference and avoidance, behaviors towards colors of different wavelengths have been well documented for this species; however, the results are conflicting. It was demonstrated that 5 days post fertilization (dpf) zebrafish larvae have an innate preference for blue or red over other environmental colors. Peeters et al. observed that both larvae and adult zebrafish have a significant preference for blue zones and avoid yellow environments, but this aversion can be diminished by treatment with anxiolytic drugs. In another study, a natural preference of adult zebrafish, regardless of sex, for short wavelength colorations (e.g. blue and green) was highlighted again, although in that experiment, the animals were not-tested for red color. In fact, as is the case for other aquatic species, the influence of the color red in particular contexts such as foraging and mating was demonstrated in zebrafish. Another question is the natural preference of zebrafish for dark or light surroundings. There are also contradictory observations on this subject. One study suggests that when given a choice, adult zebrafish prefer brighter light environments, while another study demonstrated a natural preference for darker light environments. A possible explanation for this is given by the results of a subsequent study in which it was shown that zebrafish preference for light or dark environments is dependent on ambient light levels and olfactory stimulation. In this work we investigated the role of sex and environmental coloring in shoaling preference of zebrafish. In particular, our focus was to determine whether zebrafish show a color preference for their habitat after a sex-isolation period, and whether the environmental coloring can influence the response to several fish social stimuli that differ for sex and number composition. Thus, different noninvasive experimental tests were run in a multipurpose cross-maze in the laboratory and all the behaviors were recorded using video-tracking software.
DISCUSSION
Since environmental coloring does not seem to have a definitive role in zebrafish sociality, we wanted to examine the sex-related shoaling differences by comparing the social stimuli preferences in different behavioral tests. W e found significant differences when we compared the findings of "test home color vs. other sex 1" and "test home color vs. same sex 1". The females showed an evident preference for the "other sex 1" stimulus with regarding to the cumulative duration (Student's t-test, t=5.655, N1=30, N2=30, p<0.001), while males had an equal preference between the two stimuli (Student's t-test, t=-0.172, N1=30, N2=30, P=0.864). Comparing the results of "test home color vs. other sex 3" and "test home color vs. other sex 1", we found that female fish shoaled more with one male fish and less with 3 males (Student's t-test, t=-2.733, N1=30, N2=30, P=0.013). Again, the males did not show a significant preference (Student's t-test, t=0766, N1=30, N2=30, p=0.453). Lastly, we compared the mean duration scores for the social stimuli zones for "test home color vs. other sex 3" and "test home color vs. same sex 3". Females showed a stronger preference for the "other sex 3" (W ilcoxon signed-rank test, W =110, Z=2.146, N1=30, N2=30, p=0.032) zone, and males for the "same sex 3" zone (Student's t-test, t=-2.362, N1=30, N2=30, P=0.029). Zebrafish are characterized by behavioral differences between males and females. Zebrafish shoaling appears relatively early during postembryonic development, but the visual preferences for specific shoal-mates is established much later in development, and this preference appears immutable once it has been established.
We found sex-specific shoaling preferences and that females, considering the different variables for each behavioral test, were generally more active than males. Since the absence of a natural preference between the red and green settings was previously documented in this species, we assigned randomly one habitat color per group. W e observed in the first and second behavioral tests that environmental coloring does not have an "imprinting" effect on adult zebrafish. In fact, males preferred an empty arm instead of a green zone and females showed a higher preference for the green arm than the red one. Moreover, habitat colors in general did not influence the sociality of zebrafish when collocated alone in one arm of the cross-maze. In agreement with other studies, both males and females chose to spend most of the time close to the social compartment compared with an area without conspecifics. In all behavioral tests in which the environmental coloring influence on the shoaling preference was evaluated, we found sex-related differences. In particular, in the "test other sex 1 vs. same sex 1", male fish shoaled more with an individual of the same sex, while females did not show a real preference between "other sex" or "same sex" stimuli. These results about female shoaling preferences are not in agreement with the ideas provided in previous experiments, according to which a female group placed in a small environment without males tends to develop hierarchies of dominance with interindividual negative interactions, compromising their reproductive success. In the last behavioral test, we found that the response of the "home color + same sex 1" stimulus acted as a repellent element for male and female zebrafish. We speculate that zebrafish avoid an environment with environmental coloring, independent of the color, if it has the possibility to choose. In fact, as we found in the eighth behavioral test, it is possible that the "home color" has a sort of negative influence on the natural shoaling preference of zebrafish. 
Question 1
Write about the reasons the text presents for studying zebrafish, in general, and their social behavior, in particular.
Question 2
Write about the sex-related similarities and differences discussed by the authors when reviewing the literature, and explain where the conflicting results reside.
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Question 3
Present the objectives pursued and the methods employed in the study conducted by the authors.
Question 4
Discuss the main findings reported by the authors regarding sex-related shoaling and environmental coloring preferences of zebrafish.
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Question 5
• Translate the excerpt below in the space provided.
• The translated text should be clear and accurate in terms of structure and meaning. 
